Some polyphenol substances are important for beer production as well as for the health benefits of beer consumption. Hop polyphenols have been relatively well researched in the last decade, less attention has been paid to malt. Our study was aimed to determine the influence of the barley variety and growing locality on the profile of proanthocyanidins (PAC), monomeric flavanols, flavonols and their glycosides in malt. Laboratory malts from three barley cultivars grown in seven countries of the European Union were analyzed by the developed LC-HR / MS method with sample preparation by the QuEChERS technique. Dimers of (epi)catechin (37.0%) and dimers (epi)catechin -(epi) gallocatechin (36.4%) dominate the PAC profile of malt, monomer content being low. Flavanols (epi)catechin and (epi)catechin-O-glucoside have been identified and quantified in malts. The flavonols were quercetin and myricetin, their glycosides were not detected. The results suggest varietal dependence of the PAC, monomeric flavanols and flavonols profile and the lesser impact of the growing locality.
Introduction
Polyphenol substances have an impact on beer quality, colloidal and sensory stability (Aron and Shellhammer 2010, Callemien and Collin 2010) . This is a very diversified group of compounds whose individual components differ considerably in their chemical structure and therefore have different properties in terms of antioxidant radical scavenging and metal chelating abilities and other biological functions. Some simple and more complex polyphenols and their oxidation products are sensory active, affecting the bitterness and astringency of beer (Callemien et al., 2005; Oladokun et al., 2016 , McLaughlin et al., 2008 . Both hops and malt are a source of polyphenol antioxidants with potential or proven biological effects. Both raw materials contain phenolic acids, monomeric and oligomeric flavonoids, especially monomers of flavanols (e.g. catechin), oligomeric proanthocyanidins, and flavonols (e.g. quercetin). A unique group are hop prenylflavonoids with a wide spectrum of antioxidant, anticancer, estrogenic, antimicrobial and other beneficial effects (Karabin et al., 2016) . Hop polyphenols have been relatively well described in the last decade and recent review papers (Karabin et al., 2016; Bocquet et al., 2018; Bocquet et al., 2018a) summarize the current state of knowledge of the chemistry and biological effects of hop constituents. On the other hand, somewhat less attention is paid to the profile of phenolic compounds and antioxidant properties of malt -the predominant source of polyphenols in beer, where it constitutes 70 to 80% of total polyphenols (Narziss and Bellmer, 1975) . Phenolic compounds in cereals are predominantly found in the outer layers of the grain (husk, pericarp, testa, and aleurone cells), while their concentration is noticeably lower in the endosperm layer (Kähkönen et al., 1999) . Free, esterified and bound polyphenol compounds were found in aqueous barley and malt extracts and in extracts with 70% aqueous methanol, the major components being some phenolic acids (ferulic acid) and flavanols (catechin). The antioxidant activity of the extracts determined by the DPPH method was related to the polyphenol content. The content of polyphenols ranged from 0.7 to 2.5 mg/g (Dvorakova et al., 2008; Dvorakova et al., 2008a) . Similarly, the relationship of antioxidant potential and total polyphenol content was demonstrated in aqueous barley and malt extracts (Mareček et al. 2017) . Research on the relationship between malt chemical parameters and sensory data has shown that antiradical power of malt correlating with polyphenol content in malt is a major contribution of malt to sensory stability of beer (Guido et al., 2007) .
Proanthocyanidins (PAC), also known as condensed tannins, are flavan-3-ol oligomers and polymers that provide anthocyanidins after acid depolymerization . Research into this group of polyphenols is challenging because of the lack of available standards, instability and structural complexity of especially higher oligomers, (Taylor et al, 2003) . In plants, proanthocyanidins have different physiological and defensive functions. These compounds are associated with plant defense mechanisms, organoleptic properties, and potential health benefits (Merghem et al., 2004; Maatta-Riihinen et al., 2005; Oladokun et al., 2016; Karabin et al., 2016; Quinones et al., 2013; Lotito et al., 2000) . Barley proanthocyanidins are composed of (epi)catechin and (epi)gallocatechin monomers forming mainly two dimeric and four trimeric procyanidins and prodelphinidins (Zimmermann and Galensa, 2007; Taylor et al. 2003) .
Flavonols, especially quercetin and myricetin, as well as their glycosides such as rutin (quercetin-O-rutinoside), are considered to be very important plant polyphenol antioxidants (Karabin et al., 2016; Nowak et al., 2014) . Rutin and quercetin are part of pharmaceuticals and dietary supplements. Among other plants, these compounds are contained in the hop cone mass. Even though there are not many reports of flavonol compounds in barley or barley malt, quercetin was detected in barley and malt (Dvorakova et al., 2008a) and in barley flour (Gangopadhyay et al., 2016) .
Phenolic compounds in beer originate from barley malt and hops. Even though barley malt contains a much lower amount of total polyphenols per weight (50 to 100 mg/100 g dry matter (Narziss, 1976) than hops (up to 5,5% of dry matter (Mikyška et al., 2012) ), it still contributes 70% to 80% of total polyphenols in beer (Narziss & Bellmer, 1975a) . Thus, the content of polyphenol substances in beer depends on the raw materials used (Derdelinckx, 2008; Callemien and Collin, 2010) . The increased content of polyphenols is listed as one of the characteristic features of Czech beer (total polyphenols in lager 130-230 mg/l) (Commission, 2008) , which distinguishes it from foreign beers.
The aim of this pilot study was to analyze the profile of flavanols -proanthocyanidins and flavonols in selected barley varieties recommended for Czech beer and to determine the variability of studied compounds in relation to locality and variety of barley in different soil-climatic conditions.
Material and methods
The profile, content and composition of proanthocyanidins and also flavanols, flavonols and their glycosides in malt was tested by a set of three important varieties of barley (malts) recommended for Czech beer -Bojos, Laudis 550 and Petrus from seven EU countries: Czech Republic (Polná) Hungary (Jászboldogháza), Poland (Pawlowice), Netherlands, France (Verneuil), Germany (Rosenthal) and Slovakia (Nýrovce). Laboratory malts were prepared from barley grown in experimental stations by a standard procedure used at the Research Institute of Brewing and Malting for evaluation of barley varieties: steeping for 72 hours at 14 ° C with CO 2 exhaustion, water 1 st day 5 hours, 2 nd day 4 hours and 3 rd day 3 hours. The germination time was 72 hours at 14 °C. Pre-drying for 12 hours at 55 °C, 4 hours of kilning at 80 °C. Malt quality parameters were determined using standard methods as described by the European Brewery Convention (Analytica EBC, 2010).
Laboratory wort for the isolation of polyphenol compounds was also prepared according to the procedure described in Analytica EBC. Flavonoids were determined in the wort matrix by liquid chromatography coupled with high resolution mass spectrometry (LC-HR/MS) on a Q-Exactive instrument (Thermo Fisher Scientific, Bremen, Germany). The QuEChERS method (Anastassiades et al. 2003 ) was used to prepare wort samples. Flavonoids were extracted from the wort sample (10 mL) and acetonitrile (10 mL). The acetonitrile layer containing the extracted flavonoids was isolated after addition of a mixture of salts (4 g MgSO 4 and 1 g NaCl) followed by centrifugation (4500 rpm, 7 min). Next, a milliliter of this acetonitrile extract was first evaporated to dryness (Concentrator Plus 5305, Eppendorf, Hamburg, Germany) and then dissolved in one mL of methanol: water (1:1, v/v).
Malt samples were prepared for analysis of proanthocyanidins by extraction with aqueous acetone (Dvorakova et al., 2008) . To 5 grams of fine ground malt, calculated on dry weight basis, was added 250 mL of 70% acetone in water (v/v), shaken in an Erlenmeyer flask for 40 minutes and then filtered through a paper filter. One milliliter of the extract, as in the case of wort, was evapo-rated to dryness and re-dissolved in one ml of methanol water (1:1, v/v). The LC-HR/MS assay was performed on a XSelect HSS T3 chromatography column (2.5 µm, 2.1 x 100 mm, Waters, Milford, MA, USA) with C18 reverse phase and the analytes were separated by gradient water elution (mobile phase A) and acetonitrile (mobile phase B) in both cases acidified by the addition of 0.1% formic acid. The chromatographic separation was carried out at a column temperature of 40 °C and the sample injection volume per column was 3 µL. The data was recorded by a full-scan scanning mass spectrometer over a mass range of 120 to 900 m/z. The exact mass of the analyte of interest, calculated on the basis of the pseudomolecularion summary formulas ([M-H] -), was extracted from the measured data with a mass accuracy of 5 ppm and further processed by TraceFinder v4.1 (Thermo Fisher Scientific, Waltham, MA, USA). The content of individual flavonoids in malt samples was quantified using an external calibration curve constructed in the range of 10 to 200 μg/L for all analytes of interest. Proanthocyanidin standards are, with some exceptions, commercially unavailable, the results are therefore reported in response units (peak area) corrected for internal standard.
Results and discussion
Total polyphenols: "Total polyphenols" represent the entire spectrum of polyphenol compounds contained in the matrix, phenolic acids and flavonoids. Polyphenol compounds are located in the cell walls of the grain outer layers and endosperm bound to proteins and non-starch polysaccharides. These structures are partially degraded during the germination of barley. The analytical parameters of malts varied depending on both the growing area (country) and, to a lesser extent, the variety (Table  1a , 1b and 1c). Total polyphenol content was in the range of 47-68 mg/100 g dry matter. The highest content was found in malts from Hungary (66.7 mg/100g d.m.), the lowest in domestic malts (48.7 mg/100g d.m.). The effect of soil climatic conditions, represented by the location, was significant at P = 0.016. The trend towards higher values was in the Petrus malts, differences were significant only at P = 0.06. (Figure 1) . Malts from the Czech Republic (CZ), Slovakia (SK) and Germany (D) under the same conditions of malting had significantly lower values of Kolbach index compared to malts from other locations. The content of total polyphenols was positively correlated with the soluble nitrogen, free amino nitrogen and relative extract at 45 °C of the malt (r = 0.55; r = 0.51; r = 0.55, respectively; P = 0.01) and slightly positively correlated with the Kolbach index (r = 0.36), the relationship to friability was inconclusive. Apparently, the releas e of phenolic compounds is mainly due to degradation of protein binding. Moreover, the higher content of soluble polyphenols in malt (wort) was associated with higher wort color (r = 0.64) and lower wort pH (r = -0.67). This may be related to both the polyphenol concentration and the free amino nitrogen concentration. In accordance with published data, the results show that dimers and trimers are dominant in the PAC malt profile. The bulk part was formed by dimers (E)C-(E)C (37.0% rel.) and (E)C-(E)G (36.4% rel. on average), less represented were dimers (E)C-(E)G (136% Rel. on average) and trimers (E)C-(E)C-(E)C (8.6% rel.). The content of monomers, (epi) gallocatechin (0.5% rel.) and (epi) catechin (3,3% rel.) was low. In contrast to hops, the proportion of dimeric and trimeric catechins in malt predominates, monomers, catechin and epicatechin being dominant (Olšovská et al., 2013) . Figure 2 shows the average values of the individual groups of proanthocyanidins according to the growing locations and varieties; Figure  3 shows the relative representation of the proanthocyanidins groups. The sum of proanthocyanidins appeared to be dependent on the locality (country), malts from Poland (PL), Slovakia (SK) and Germany (D) were below the average of the whole tested group, the highest values being recorded for malts from France (FR). By contrast, the varietal effect was strong, significant at the P = 0.001; for Petrus malts, the average PAC values were almost twice as high as the Bojos or Laudis 550 malts ( Figure  2) . Differences between Petrus malts and other varieties in total polyphenols were smaller compared to differences in PAC content. Varietal dependence in the ratio of flavonoids and phenolic acids can be indirectly derived from the results of the assessment of PAC and total polyphenols. Relative representation of individual groups of proanthocyanidins appeared to be dependent on the variety and locality Cluster analysis of the data (Figure 4) showed, for example, a narrow cluster of samples of the variety Petrus with the exception of a sample from Poland or a grouping of Bojos samples from four neighboring countries (CZ, HU, SK, PL). On the other hand, samples of Petrus and Laudis 550 from Poland were diametrically different from those of these varieties from the other six countries.
CZ -Czech Republic; HU -Hungary; PL -Poland; NL -Netherlands; FR -France; D -Germany; SK -Slovakia

C -catechin; (E)C -epicatechin; (E)GC -gallocatechin and epigallocatechin; (E)C-(E)C -dimers of catechin/epicatechin bond with other catechin or epicatechin structural unit; (E)C-(E)A -dimers of catechin/epicatechin with afzelechin or epiafzelechin structural unit; (E)C-(E)C-(E)C -trimers of catechin/epicatechin structural units; (E)GC-(E)GC -dimers of gallocatechin/epigallocatechin with gallocatechin or epigallocatechin structural units; (E)C-(E)GC -dimers of catechin/epicatechin with gallocatechin or epigallocatechin structural units
Table 2 Effect of variety and country of origin on concentrations of proanthocyanidin species in barley malt
Variety
Country C E(C) (E)GC (E)C-(E)C (E)C-(E)A (E)C-(E)C-(E)C (E)GC-(E)GC (E)C-(E)GC
Petrus
Flavanols, flavonols and their glycosides:
The results of the determination of the content of flavanols (catechins), flavonols and their glycosides in malts are summarized in Table 3 . The results are given in µg/L of wort. Figure 5 shows the average values of the individual substances after the localities and varieties; Figure 6 shows the relative representation of the individual polyphenol compounds.
The flavanols catechin, epicatechin, catechin-O-glucoside and epicatechin-O-glucoside have Been identified and quantified in worts. Of the flavonol family, quercetin and myricetin were found, while flavonol glycosides were not detected in wort samples. In the profile of flavonoid polyphenols of malt, the majority share is represented by catechin (1600-3600 µg/L, 60-70% of the sum) and catechin-O-glucoside (500-1100 µg/L, 20-25% of the sum). The content of flavonols was an order of magnitude lower, concentration of quercetin And myricetin was about 20 µg/L and 80 µg/L, respectively. It is evident that the amount of These substances present in malt, or transferred from malt to wort, is very low. The total amount of the determined flavonoid polyphenols strongly depended on the variety (P = 0.0001), the highest values were found in the Petrus malts, and this value also depended on the locality (P = 0.006). The lowest flavonoids were featured by malts from Hungary, while the highest values were detected in malts from Poland and Slovakia. 
Conclusion
Polyphenol substances are important in the brewing industry for both colloidal status and antioxidant status of beer; the latter could be reflected in the flavor stability of the product, and could have beneficial health effects when consuming beer. Therefore, their research in brewing raw materials and beer is still needed. The methods to determine the PAC profile and flavonoid polyphenols developed in this work have proven to be a satisfactory tool for research on these compounds in malt. The measured PAC data is in good agreement with the published results. The results of our pilot study of the flavonoid profile in malts suggest varietal dependence of the amount and profile of proanthocyanidins as well as the profile of monomeric flavanols, flavonols and glycosides of these substances, and probably a lesser impact of the growing locality and soil-climatic conditions within different European countries. Given the small number of varieties in the study, we will address this issue in the next work.
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